ABSTRACT
Introduction

52
Whole grain cereal foods provide significant health benefits. Epidemiological findings 53 indicate a protective role of whole grain foods against several diseases such as diabetes, 54 certain cancers, cardiovascular disease and obesity, including an improved regulation of 55 blood glucose levels (Pereira et al., 2002; McIntosh, Noakes, Royle, & Foster, 2003; 56 Laaksonen et al., 2005) . In addition to dietary fibre, whole grains are source of a wide 57 range of vitamins, minerals and bioactive compounds such as lignans, phenolic acids, 58 phytosterols, tocotrienols and phytic acid (Katina et al., 2005) . Compared to wheat, rye 59 is a better source of dietary fibre. It contains a remarkable amount of soluble fibre, due 60 to its high content in soluble arabinoxylan (Lappi et al., 2010) , and it has been shown 61 that rye fibre consumption is more effective than wheat fibre in overall improvement of 62 biomarkers of bowel health (Gråsten et al., 2000; McIntosh et al., 2003) . In addition, 63 whole grain rye is characterized by a well-balanced composition of macro and 64 micronutrients. However, whole grains also contain phytic acid, an antinutrient that decreases the negative effects on mineral absorption and generates lower myo-inositol 84 phosphates with potential benefits to human health. Phytases are the enzymes that 85 catalyse this hydrolysis and several strategies exist to increase their activity. Enzymatic 86 phytate degradation during breadmaking process depends on many factors including 87 pH, temperature, water content, bran content, leavening agent, fermentation time,
88
process and exogenous phytase addition (generally from microbial sources). The 89 endogenous phytase from cereal has optimal pHs around 4.5 and therefore the use of 90 sourdough improves the degradation of phytates, due to the decrease of pH (Fretzdorff 91 & Brümmer, 1992; Lopez et al., 2001; Reale et al., 2004) . Lactobacillus strains 92 typically responsible for sourdoughs fermentation lack phytase activity and their phytate 93 degrading capacity is limited and based on non-specific acid phosphatases able 94 hydrolise phytates at a low rate (Haros et al., 2009 ). However, phytase activity has been contributed to acidification resulting in whole wheat breads with significantly lower 102 levels of phytates (Palacios, Haros, Rosell, & Sanz, 2008) . The aim in the present study was to develop whole rye-wheat mixed bread, with increased nutritional quality, by 104 using Bifidobacterium pseudocatenulatum ATCC27919 from human origin as a 105 sourdough starter for improving phytate hydrolysis and the production of organic acids. 
Breadmaking process
139
Five formulations were used for making bread dough: 100% wheat flour, 25% whole 140 rye-wheat flour, 50% whole rye-wheat flour, 75% whole rye-wheat flour and 100% 
Sourdoughs preparation
153
The sourdough formulation consisted in a mixture of flour and water (1:2, w/w) with an Sourdough, dough and bread pH was determined electrometrically during sampling.
166
Measurements were done in triplicate using a pH meter. For determination of titratable 167 acidity ten grams of sourdough, dough and bread was mixed and blended with 100 ml 168 of acetone:water (5:95, v/v). Later, they were titrated against 0.1 N NaOH up to pH 8.5.
169
The results were expressed as the volume (ml) of NaOH 0. The technological parameters analyzed were moisture (%), loaf specific volume (ml/g),
202
width/height ratio of the central slice (cm/cm) and crumb hardness (N) using texture 
Statistical analysis
224
Multiple sample comparison of the means and Fisher's least significant differences
225
(LSD) were applied to establish significant statistical differences between treatments.
226
All statistical analyses were carried out with the Statgraphics Plus 7.1 Software
227
(Bitstream, Cambridge, MN) and differences were considered significant at p<0.05. 
Characteristics of sourdough
232
The characteristics of the sourdough prepared with bifidobacteria are shown in Table 1 .
233
The sourdough was inoculated with 1. 
Characteristics of the dough
254
The sourdough fermented with bifidobacteria was used for making dough for 255 breadmaking with different rye proportions and sourdough levels ( TTA values showed a significant increase with the raise in the proportion of sourdough. 
Evaluation of bread
277
The pH value of bread was modified with the addition of sourdough in the bread 278 formula and they ranged from 6.21 to 5.52, whereas the TTA values increased ranging 279 from 2.03 to 4.75 ml of NaOH (Table 2) . These results are comparable with those 280 reported in the literature for breads made with sourdough inoculated with lactobacilli 281 and can vary over a wide range, depending not only on the strain, but on the variety of 282 cereal used (Katina et al., 2005; Liukkonen et al., 2003) .
283
During the bread baking step there was a weight loss mainly due to water evaporation 284 followed by organic acid loss. The residual amount of acetic acid after baking was 2.8- As was expected, the incorporation of whole rye flour in the formulation, gradually and 330 significantly increased the total dietary fibre (Table 3 ). An increase in whole rye flour 
Sensory analysis
402
Sensory evaluation study using a hedonic scale showed that the main factor for the 403 approval by consumers was the proportion of whole rye flour added to the formulation.
404
As the percentage of whole rye flour increased, the product acceptability decreased,
405
while the proportion of sourdough did not influence significantly. Thus, breads made 406 with 25% rye flour were the most accepted. However, it is important to underline that 407 samples with up to 50% rye reached about 85% acceptance, with the inclusion of 408 sourdough inoculated with bifidobacteria having no effect in the acceptability. 
Conclusions
411
Whole rye flour contributes to an increase in the nutritional value of bread products.
412
Whole rye flour used until 50% of wheat substitution only resulted in a slight 
